Abstract: Urban transportation planning and land-use policies play a pivotal role in every society and are the subjects of interest in many academic fields. Creating a tool that measures the benefits and costs associated with the built environment, which includes the surrounding land-use and transportation system, would allow decision makers to choose the best option available to them when deciding on those important issues. In addition to travel time, congestion, safety, energy, and environment, public health is an important subject that can be affected by a transportation system. The primary objective of this study is to develop models for different health-related variables including general health, obesity, high blood pressure, high blood cholesterol, asthma, and heart attack. This is to investigate the role of transportation, land-use, and the built environment variables along with demographic and socioeconomic factors on people's health. The results of the analysis showed that increasing the transit use and decreasing the autouse have a significant positive impact on all the health variables except for asthma. It was found that every percent decrease in autouse would reduce the chance of obesity by 0.4%, high blood pressure by 0.3%, high blood cholesterol by 1.3%, and heart attack by 1%. In addition to the transit-oriented development, making the environment more pedestrian friendly could motivate people to be more physically active in their daily routines and have a healthier lifestyle.
Introduction
Urban transportation planning and land-use policies play a significant role in every country around the world, especially the United States. The average family living in the United States drives more and more every year while land is consumed by the growing suburbs. In the past decade, total vehicle miles for all modes of transportation in the United States grew by nearly 600 billion miles, from 2.4 trillion in 1994 to close to 3 trillion in 2004 ͑U.S. Department of Transportation 2006͒. Policy makers would be able to better estimate the true cost of their decisions and take the most beneficial strategy if they had a good measure for the adverse consequences of the transportation system. The three most important consequences of a transportation system are congestion, safety, and environment. This paper explores potential effects that urban planning and transportation systems have on a population's health. Do autouse, transit use, block size, road density, population density, etc., affect the health of a population or community? Though at first glance, transportation, urban design, and built environment components might look irrelevant to a population's health, this paper aims at finding an acceptable correlation between the health of a population and the surrounding land-use and transportation system. The primary objective of this study is to develop models for different health-related variables ͑general health, obesity, high blood pressure, high blood cholesterol, asthma, and heart attack͒ with built environment, land-use, and transportation components in addition to demographic and socioeconomic variables.
There has been a limited effort to study the relationship between health-related variables and transportation systems, land use, and build environment components. Some public health professionals believe that improving urban design and built environment could increase daily levels of nonmotorized trips and could be more effective than encouraging people to do structured activities such as aerobics ͑Frank et al. 2003͒. However, due to the poor quality of data and a lack of appropriate assessment methods, causality and extent of this influence remain vague ͑Samimi et al. 2009; Doherty 2008͒ . Most of the data are borrowed from various sources with different objectives since a specific survey for this purpose has barely been designed. Southworth ͑1997, 2005͒, Frank et al. ͑2003͒ , and Petersmarck and Wilkerson ͑2003͒ explored the ways that land-use and transportation systems affect public health. They came up with different approaches of improving public health by increasing daily levels of walking and bicycling through changes in the environment in which people live and work. Higher levels of street connectivity, traffic calming strategies, safety, and higher density are claimed to reduce auto traffic and to increase foot and bicycle traffic.
In recent years, pedestrian oriented development is increasingly noticed not only because it reduces congestion but it also contributes to the society's mental and physical health ͑South- looked into the effect of neighborhood design guidelines on encouraging people to have more nonmotorized trips, and they agreed that density, safety, and some other built environmental elements correlate with physical activity levels and could encourage a more active lifestyle.
Data
Demographic, socioeconomic, and health-related information for more than 300,000 individuals was taken from the Behavioral Risk Factor Surveillance System ͑BRFSS͒ prepared by the National Center for Chronic Disease Prevention and Health Promotion ͑2005͒. At the county level, the transportation, land-use, and built environment variables were prepared and then appended to each observation. The lowest level of geography available for each record that was used in this study was the person's county of residence. Other data sources used in this study include the National Household Travel Survey ͑NHTS͒ ͑2001͒ by Federal Highway Administration ͑2007͒, the Census Transportation Planning Package ͑2000 CTPP͒, and the Census 2000 TIGER/line geographic information system ͑GIS͒ data files. Variables that reflect the pedestrian environment and transit usage were borrowed from the study of Mohammadian and Zhang ͑2007͒. Table 1 provides a brief descriptive analysis of the variables collected from the BRFSS, the main data set used in this study. BRFSS is rated the world's largest on-going telephonic health survey system, tracking the health conditions of the U.S. population since 1984. National Center for Chronic Disease Prevention and Health Promotion ͑2005͒ has made part of the data available to the public. This includes information regarding health-related issues such as blood pressure, blood cholesterol, asthma, diabetes, obesity, and physical activity. The survey, which is conducted by telephone, targets the adult population ͑18 years of age or older͒ and collects information on an individual's health and other behavioral factors. Table 2 summarizes transportation, land-use, and built environment variables, resulted from an extensive GIS effort. Similar to the study of Mohammadian and Zhang ͑2007͒, population density was directly extracted from the "Federal Highway Administration NHTS ͑2001͒, and other variables reflecting the pedestrian environment and transit usage were estimated by matching street network and census tract shape files in a GIS environment. To determine whether each census tract is transit friendly, Mohammadian and Zhang ͑2007͒ introduced a transit-use measure which estimated the proportion of transit users to the total number of workers using 2000 CTPP data. In addition to this measure, another factor for transit use was considered in this study, which is the proportion of transit users to the whole population. Similar measures were defined for autouse. Also, Mohammadian and Zhang introduced intersection density, road density, and block size as measures to determine how pedestrian friendly the neighborhood is.
Models
Using Behavioral Risk Factor Surveillance System ͑2005 BRFSS͒, binary variables were defined for six health-related covariates, and probit models were estimated by Limdep Econometric Software ͑Greene 2002͒. Newey and McFadden ͑1994͒ and Train ͑2003͒ have more details on binary choice models. Since poor diet and inactivity are known as accepted causes of poor health condition, effect of those variables together with some other demographic and socioeconomic covariates were investigated in the primary models. Forward selection method was used to choose the most dominant variables among a list of covariates in Table 1 for the primary models. Sensitivity analysis was performed for these models and then a number of hypotheses were tested to investigate the possible effects of transportation, land use, and built environment on six health-related variables. The list of transportation-related variables which were tested at this step of modeling can be found in Table 2 . Samimi et al. ͑2009͒ provided detailed explanation on variable selection, sensitivity analysis, justification of the modeling approach, etc., for obesity and general health models. A variety of fit measures are offered for binary choice models, including Akaike information and the McFadden measure. Likelihood ratio index ͑or the McFadden value͒ is a renowned measure for goodness of fit ͑Train 2003͒ and the Akaike criterion has been widely used as a tool for model selection ͑McFadden 1994͒. These two measures in addition to the -square value were used for comparing the models and selecting the best one. As the values for Akaike decrease and the McFadden values increase, goodness of fit improves. Despite the fact that the likelihood ratio index and the R squared, used in ordinary least squared method, have the same range, their interpretation is quite different ͑Train 2003͒. It is important to note that the likelihood ratio index has no intuitively interpretable meaning for values and it should only be used for model selection purposes ͑Train 2003͒.
Standard t-statistics were used to test hypotheses of individual parameters ͑Table 3͒ and the Neyman-Pearson tests ͑Wald, likelihood ratio, and Lagrange multiplier͒ were used for more complex hypotheses ͑Greene 2002͒ ͑Table 4͒. A few tests were performed to check the potential multicollinearity between the variables. However, collinearity issues tend to bias tests toward the null and since the coefficients were all significant, collinearity was unlikely to be an issue. Variance-covariance matrices of the coefficients were checked for very large off-diagonal elements, which are the main consequence of multicollinearity. Also, variance inflation factors ͑VIFs͒ were estimated for all the variables ͑Kutner et al. 2004͒ ͑Table 5͒. All the estimated VIFs were less than 5, which is a cutoff point for significant multicollinearity ͑Kutner et al. 2004͒ .
Final binary choice models for general health, obesity, high blood pressure, high blood cholesterol, asthma, and heart attack are shown in Table 3 , with standard t-statistics in the parentheses below each coefficient. General health and obesity models are not discussed here since they were elaborated in another study ͑Samimi et al. 2009͒ .
All the estimated coefficients in the final models are statistically significant at 95% confidence level. Also, Table 4 shows the -square values for the Neyman-Pearson tests, which are all significant with 99% confidence interval. Final models show a significant correlation between healthrelated variables and some demographic and socioeconomic variables including income, age, gender, exercise, and moderate physical activity. Income has a positive impact on all the healthrelated variables except heart attack. This relationship was expected since people with higher incomes could afford better healthcare, sports clubs, and healthier diets. The effects of physical exercise on the general health condition are very well known and observed in all the models except for high blood cholesterol. Also negative effects of age on high blood pressure, high blood cholesterol, and heart attack were expected and observed in the models. However, the causality of children with general health and high blood cholesterol is somehow unclear. This correlation could cautiously be attributed to the hypothesis that families with at least one child care about the diet and maybe spend more time for outdoor activities. While this assumption deserves further investigation, it was considered to be beyond the scope of the current study and remains as a future task.
Furthermore, proposed models show an acceptable association between health-related variables and some transportation-related variables including transit use, autouse, block size, and population density. Regular use of a personal vehicle eliminates nonmotorized trips in the daily routine. Therefore, people with higher amounts of automobile use have a less active lifestyle. Residents of urbanized neighborhoods have higher shares of walking or biking trips since these areas are considered more pedestrian friendly ͑Mohammadian and Zhang 2007; Southworth 2005; Atash 1994͒ . Such environments could put a minimum level of nonmotorized trips in the residents' daily routines, which could help them easily burn out some calories. Furthermore, people living in neighborhoods with larger block sizes have more shares of green space and outdoor facilities compared to downtown residents. Recreation facilities are probably more common and easily accessible in suburban areas, which motivate physical activity for the neighborhood residents. On the other hand, residents of urbanized neighborhoods with smaller block sizes are more likely to have an unhealthy lifestyle due to several factors such as a polluted, crowded, and stressful environment. It is worth noting that these observations could result in further discussion of some unknown aspects of neotraditional development that are rarely discussed in the literature. Although neotraditional development could increase nonmotorized modes of transportation and thereby increases the daily physical activities, dense urban areas with their potentially stressful environment could also have negative mental and physical health effects. Notably, benefits of transit use and drawbacks of auto use are observed in the final models except for the case of asthma. Negative influence of transit use on asthma could be due to the fact that transit riders have more walking trips. Therefore, transit riders will be more exposed to polluted air and have a higher chance of asthma infection. Final models also show people living in neighborhoods with a larger average block size have a higher chance of being generally healthy and a lower chance for high blood pressure and asthma infection. However, block size shows a negative association with obesity, which is in line with most neotraditional developers' argument. Except for obesity, all the models show the benefits of living in a less urbanized neighborhood with a larger average block size or smaller population density. This might be due to the fact that downtown residents are more likely to have regular walking or biking trips in their daily routines, so they may have the opportunity to have a regular daily activity because of the built environment and urban design. On the other hand, they are more likely to have an unhealthy lifestyle due to several factors such as a polluted, crowded, and stressful environment. Marginal effect analysis was performed to provide a better understanding of the relationship between health-related and transportation-related variables ͑Table 6͒. The vector of marginal effects in a binary choice model is equal to f͑␤Јx͒␤ ͑Greene 2002͒. This vector is a scalar multiple by the coefficient vector ͑␤͒ and could be calculated at any data point. The scale factor, f͑␤Јx͒, is the density function, which is computed at the vector of means of the observations. To have a better interpretation, elasticities could also be estimated by multiplying the marginal costs by the average of the independent variable divided by the average of the dependent variable. Marginal effects and elasticities, reported in Table 6 , are all significant with p values less than 0.01. As shown in this table, every percent decrease in autouse would reduce the chance of obesity by 0.4%, high blood pressure by 0.3%, high blood cholesterol by 1.3%, and heart attack by 1%.
Conclusions
In addition to travel time, congestion, safety, energy, and environment, other important issues such as people's health should be considered as a side effect of the transportation system and built environment. Having a good measure for diverse consequences of land use, transportation, and built environment alternatives on the health condition of people will provide decision makers with a powerful tool to estimate the true costs of alternative options in policy analysis and the decision making process.
In this paper, a combination of demographic, socioeconomic, transportation, land-use, and built environment variables were used to develop probit models for predicting health-related variables. Six binary variables for general health-obesity, high blood pressure, high blood cholesterol, asthma, and heart attack-were defined and the associated binary probit models were reported. In addition to demographic and socioeconomic variables, autouse, transit use, block size, and road density were influential on the health of people. These models reinforced the validity of the assumption of positive effects of transit usage and negative consequences of autousage. The study results suggest that every percent decrease in autouse would reduce chance of obesity by 0.4%, high blood pressure by 0.3%, high blood cholesterol by 1.3%, and heart attack by 1%. Also it was shown that neighborhoods that are considered more pedestrian friendly could motivate people to walk more and be healthier. In fact, changing built environment conditions and making a neighborhood more pedestrian and transit friendly could encourage people to increase the physical activity of their daily routine. This can eventually lead to significant positive effects on the health conditions of the whole society. It will also decrease the burden of medical service expenditure on the general public.
Further research is needed to appropriately address the effects of health-related externalities in transportation and land-use policy analysis. In particular, relative comparison of reductions in obesity, high blood pressure, high blood cholesterol, heart attack, and asthma versus known medical interventions and comparative costs is a recommended future work. Such analysis could result in better policies and decisions that can bring about significant financial, societal, and environmental benefits. A profound understanding of these effects could also provide policy makers at different levels of government a better tool to estimate the true cost of each scenario, so every sector pays the fair and real cost that is responsible for. Knowing the health benefits of the transit system for society can also help transit agencies to better design their services in order to maximize the benefits. 
